Objective: To test a potential model of the relationship between physical activity and obesity from youth to adulthood. Design: Longitudinal study data from the cardiovascular risk in young Finns study. Subjects: A total of 1319 boys (n ¼ 626) and girls (n ¼ 693) aged 9, 12, 15 and 18 years were randomly selected from five university towns and their rural surroundings in 1980. They were followed up for 21 years. In 2001 they were 30, 33, 36 and 39 years old. Measurements: Physical activity was assessed by a short questionnaire at two measurement points. Obesity was measured by body mass index ( Obesity tracked significantly from youth to adulthood (b ¼ 0.41, t ¼ 11.13, Po0.05 for men, b ¼ 0.34, t ¼ 9.39, Po0.05 for women). Youth physical activity might reduce body weight in youth but was not directly associated with adult abdominal obesity in either men or women. The model accounted 19% of abdominal obesity in men and 13% in women. The path from youth physical activity to adult obesity through youth obesity seemed to be stronger than the path through adult physical activity. Conclusions: This study lends general support to the hypothesized model that abdominal obesity in adulthood is directly related to adult physical activity and youth overall obesity in both sexes. Youth physical activity had an indirect effect on abdominal obesity through the maintenance of physical activity in adulthood. Participation in and maintaining physical activity from youth to adulthood may have an important role in reducing obesity in adulthood.
Introduction
Over the past two decades, extensive research has been undertaken to determine the associations between physical activity and obesity-related health risks. It is known that obesity is linked to an increased risk of cardiovascular disease, type 2 diabetes and several cancers, [1] [2] [3] [4] [5] resulting in increased morbidity and mortality. 6 Physical inactivity is an important and independent risk factor for obesity. [7] [8] [9] [10] [11] [12] Blair et al. 13 have presented three possible models by which enhanced physical activity during the earlier years may improve health in adults: (1) childhood physical activity influences adult physical activity, which in turn may affect adult health, (2) childhood physical activity has a direct beneficial effect on child health, which, in turn, predicts adult health and (3) childhood physical activity has a direct beneficial effect on adult health ( Figure 1 ). Furthermore, some reviews have summarized the potential influence of youth physical activity on adult health and emphasized that the determinants of a physically active lifestyle during childhood and adolescence may influence health and well-being during adulthood. 14, 15 Obesity, although not a parallel of health, is an important correlate of health. Therefore, the main focus of this study is on the relationship between physical activity and obesity.
Physical activity tracks significantly from childhood to adulthood. [16] [17] [18] [19] [20] [21] [22] Both epidemiological studies and experimental studies have shown associations between physical activity and obesity in adults. [23] [24] [25] [26] [27] [28] Recently, the effects of changes in physical activity from adolescence to adulthood on adult obesity have been confirmed by two longitudinal studies. 29, 30 These observations support model 1 above, that is, suggesting that youth physical activity acts through adult physical activity on adult obesity. Previously, conflicting results have been published regarding the relation between physical activity and obesity in youth. This may be due to different methods of measuring physical activity, different obesity indices and different cutoff points in assessing obesity. [31] [32] [33] However, physical inactivity or sedentary behavior has been implicated as an important cause of early onset obesity 14, [34] [35] [36] that, in turn, correlates with adult obesity. 2, [37] [38] [39] These observations support model 2, that is, that youth physical activity influences adult obesity by reducing obesity in youth. The third hypothesized model, that is, that youth physical activity has a direct effect on adult obesity as defined by waist circumference has not been supported in previous studies.
To the best of our knowledge, no previous study has tested simultaneously with statistical modeling the proposed models of how physical activity in youth is associated with obesity in adulthood. Thus, the purpose of the present study was to test the model of the potential relationship between physical activity and obesity using longitudinal data collected in the cardiovascular risk in young Finns study.
Methods
Participants Data were obtained from the cardiovascular risk in young Finns study. The epidemiological study consisted of a series of six surveys of six cohorts born in 1962, 1965, 1968, 1971, 1974 and 1977 . The ages of the subjects in the cohorts were thus 3, 6, 9, 12, 15 and 18 years in 1980. All the participants were randomly selected (N ¼ 4320) from the five Finnish university cities with medical schools (Helsinki, Kuopio, Oulu, Tampere and Turku) and their surrounding communities. The same participants were followed up in 2001. A more complete description of the sample has been reported elsewhere. 40 
Physical activity index
In 1980, physical activity and participation in sports were assessed by means of a self-report questionnaire that was administrated individually in connection with a medical examination. The questions concerned the frequency and intensity of leisure time physical activity, participation in sports club training, participation in sports competitions, habitual way of spending leisure time and way of commuting to school in general and not, for example only during the past week. 42 A physical activity index (PAI) was computed by summing these variables. In 2001, the PAI consisted of the following variables: intensity of physical activity, frequency of vigorous physical activity, hours spent on vigorous physical activity, average duration of a physical activity session and participation in organized physical activity. For both PAI values the original questions relating to the variables of 1980 and 2001 and their scoring and re-coding are presented elsewhere. 22, 43 The lowest scores indicate passive and the highest scores indicate active. The questionnaire on physical activity used for children and adults was different as the physical activities typical for children and adults differ. The main difference is in the variables concerning youth sport: sport club training and sport competitions are common activities among young people but not among adults. Although the questionnaires for children and adults were different, the tracking correlations from youth to young adulthood were on the same level as the inter-age correlations in youth, indicating that the latent variable of physical activity can be measured using different questions provided that the questions are relevant.
Cronbach's alpha, which estimates reliability through the internal consistency of a scale, for PAI in the 1980 data ranged from 0.49 to 0.76 for males and 0.44 to 0.69 for females. In the 2001 data, the alpha for the PAI varied from 0.74 to 0.85 for males and 0.59 to 0.85 for females. Reliability Physical activity and development of obesity X Yang et al showed a consistent improvement with increasing age. The test-retest reliabilities with the PAI values of the previous years (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) , estimated by the stability coefficients of the simplex model, were above 0.70. 44 To study validity, a sub-sample of the participants (N ¼ 102) underwent maximal cycle ergometer exercise testing in 2001 using a protocol with increments of loading of 20/25 W per minute. Three indicators of exercise capacity (indicating fitness) were measured: estimated maximal oxygen uptake (VO 2 max), mean workload attained during the last 4 min of the test (Wlast4) and hypothetical maximal workload sustainable for 6 min (Wmax6). 45 The validity of the physical activity measurements was studied by correlating the childhood and adulthood PAI with the indicators of exercise capacity. The correlation coefficients ranged from r ¼ 0.20 to r ¼ 0.53, and were highest between PAI and Wmax6. In both sexes, childhood PAI correlated with Wmax6: r ¼ 0.39 (P ¼ 0.027) and r ¼ 0.33 (P ¼ 0.044) for girls and boys, respectively. Similarly, the correlations between adulthood PAI and Wmax6 were r ¼ 0.49 (Po0.001) and r ¼ 0.53 (Po0.001), for women and men, respectively. A significant correlation was also found between adulthood PAI and waist circumference, in both sexes: r ¼ À0.14 (P ¼ 0.001) and r ¼ À0.12 (P ¼ 0.001) for women and men, respectively. . Skinfold thickness in youth was measured at biceps, triceps and subscapular sites. 46 The sum of three skinfold (SSF) measures were used to estimate body fat. In 2001, waist circumference in adults was measured in duplicate at the level of the 12th rib (level with the navel in thin subjects) to an accuracy of 1 mm. 47 These obesity indices are widely recognized as identifying obese subjects. 
Results
The results of the t tests indicated that boys were more physically active than girls. No sex difference was found in the PAI values in adults. The differences in BMI were not significant between boys and girls. The level of SSF was higher in girls than in boys. Men had greater BMI and waist circumference than women (Table 1) . Correlations between the study variables in males and females are shown in Table 2 . There was a significant relation between youth PAI and adult PAI in both sexes. There was an inverse association between youth PAI and youth BMI in both males and females. The youth PAI values were inversely associated with the level of SSF in girls, but not in boys. Adult PAI correlated inversely with waist circumference in both Physical activity and development of obesity X Yang et al sexes, and with BMI in women. Significant correlations were found between youth BMI and SSF and between adult BMI and waist circumference. No correlations were found between youth PAI and adult BMI or waist circumference, or between youth BMI and SSF and adult PAI.
The results of the model for men are shown in Figure 2 which, in turn, predicted waist circumference in adulthood. BMI in boyhood was directly related to waist circumference in adulthood. The model, that is, youth physical activity, adult physical activity and youth BMI, accounted for 19% of the variance of waist circumference in men. Also, PAI in boyhood was indirectly related with waist circumference in adulthood through both the maintenance physical activity in adulthood and reducing body weight in youth (b ¼ À0.10, t ¼ À4.68, Po0.05). However, the level of youth physical activity did not predict adult abdominal obesity in males. 
Discussion
To test the potential models suggested by Blair et al., 13 we applied LISREL modeling in the longitudinal data from the young Finns study to study the relation between physical activity and obesity from youth and adulthood. The LISREL model suggested that youth physical activity predicts adult physical activity, which in turn, reduces adult obesity. Thus, our results support the model suggested by Blair et al., 13 according to which an active lifestyle during childhood and adolescence would be carried over into adulthood which, in turn, would reduce the risk of obesity. The model accounted for 19% of abdominal obesity in men and 13% in women. In both sexes the path from youth physical activity to adult obesity seemed to be stronger through youth obesity than through adult physical activity, emphasizing the importance of paying attention to the prevention of obesity at a young age.
Our results indicating an inverse association between the levels of physical activity and the prevalence of obesity as defined by waist circumference during adulthood suggest that encouragement to participate regularly in physical activity should be considered as an important tool in obesity prevention. It has been suggested that physical activity Physical activity and development of obesity X Yang et al might prevent weight gain through increased energy expenditure or favorable changes in adipose tissue. 27 We also observed that physical activity patterns were inversely associated with BMI in women but not in men. The BMI was highly correlated with waist circumference in both sexes. One explanation for this may be that regular physical activity might reduce weight gain through favorable changes in adipose tissue in women, whereas physical activity in men might increase their lean body mass. In the present study, maintaining physical activity from youth to adulthood was inversely associated with adult obesity. It confirmed previous studies which suggested that persistent physical activity might be beneficial to physical health, by reducing weight gain from abdominal obesity and by increasing energy expenditure in adulthood. 1 The results also supported the findings of two longitudinal studies on the level of continued physical activity in relation to risk for adult obesity. A Danish 8-year follow-up study reported that changes in physical fitness/activity from age 17 to 25 were inversely associated with waist circumference and fatness in males aged 25. 29 Recently, a Finnish prospective study emphasized that continued physical activity during the transition from age 14 to 31 seemed to be the best predictor in the prevention of non-obesity in adulthood over a 17-year follow-up study. 30 Regarding the tracking of obesity from youth to adulthood, our results are consistent with the findings of several previous prospective studies. 38, 39 In general, these studies have reached a similar conclusion that being obese in youth increases the probability of being obese 1, 3 and less physically active in adulthood. 25 We found that youth physical activity was inversely associated with youth obesity. Similar findings have been observed in childhood physical inactivity. 14, 35 Epstein and Roemmich 36 showed that children who decreased their level of physical activity had a higher incidence of obesity than those who were more active. Therefore, promoting childhood physical activity should be considered an important way of preventing obesity during the early years of life. Our data did not support the third model, suggesting that physical activity in youth might directly and independently predict adult obesity. This finding was consistent with previous studies showing no direct association between youth physical activity and adult abdominal obesity. 30, 49, 50 Some evidence, however, has suggested that physical activity in adolescence has the effect of protecting from adult obesity as defined by skinfold thickness. 38, 51 These inconsistent findings may be explained by the lack a large study population, different research methods or a possible confounding effect of age. 29, 30, 52 A basic rule in longitudinal studies is to use the same method of measurement at each time point. When measuring physical activity through a questionnaire, achieving similarity in questions targeted at different age groups presents problems. Physical activity among children and adolescents is different from that among adults, which means that the items in their respective questionnaires on leisure time physical activity cannot be identical. For example, one difference concerns perceived intensity of physical activity. Although children participate in activities which seem very strenuous, their perceived intensity is low, increasing as they get older. 42 Adults are better able to assess the intensity of their physical activity and therefore questions concerning hours and frequency of intensive physical activity are relevant. Children in turn are able to report rather easily on the frequency of their participation in organized sport as this plays an important role in physical activity among children whereas it does not among adults.
Although the questionnaire on physical activity used for children and adults was different, the tracking correlations from youth to young adulthood were at the same level as the inter-age correlations in youth, which suggested that physical activity could be measured using different questions, provided that the questions were relevant. 22 To our knowledge, this is the first longitudinal study to test the model of Blair et al. 13 concerning the effects of physical activity on obesity from youth (ages 9 to 18) to adulthood (ages 30 to 39). The strengths of this study included a large homogeneous population, standardized measurement of obesity, data on physical activity patterns and a long follow-up period. These data allowed us to strengthen the hypothesized model 13 that youth physical activity, via adulthood physical activity and/or weight reduction in youth, might affect weight gain in adults. The present study has some limitations that need to taken into account in interpreting the results. First, BMI and physical activity in youth varied with age. BMI increased, as expected with age, whereas physical activity increased during childhood but decreased during adolescence. It is possible that the BMI was be affected by the changes in physical activity during and after puberty. Second, measuring physical activity by means of a questionnaire including questions on the frequency, intensity and duration of sports activities may in any case influence the results. In the cardiovascular risk in young Finns study, we found that the reliability of physical activity measurements, estimated on the basis of the internal consistency of the PAI, was lower in children than in adults. Low reliability might show weak and nonsignificant relationships which, if the reliability was good, might otherwise be stronger and significant. 21 Third, changes in physical activity during the follow-up might have influenced the results. Some participants might have changed their level of physical activity several times during the long follow-up period. Finally, the effect of continued physical activity on obesity might be partly mediated by concomitant changes in socio-demographics, sedentary lifestyle and diet, all of which have been found to be related to obesity. 3, 5, 16 To conclude, the present study lends general support to the hypothesized model of Blair et al. 12 Abdominal obesity in adulthood is directly related to adult physical activity and youth overall obesity in both sexes. Youth physical activity
Physical activity and development of obesity X Yang et al had an indirect effect on abdominal obesity through both the maintenance of physical activity in adulthood and reduction in body weight in youth. Participation in and maintaining physical activity from youth into adulthood plays an important role in reducing obesity in adulthood.
